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Experimental Induction of Ovarian Sertoli
Cell Tumors in Rats by N-Nitrosoureas
by Akihiko Maekawa,* H. Onodera,* H. Tanigawa,*
K. Furuta,* J. Kanno,* T. Ogiu,t and Y. Hayashi*
Spontaneous ovarian tumors are very rare in ACI, Wistar, F344 and Donryu rats; the few neoplasms
found are of the granulosa/theca cell type. Ovarian tumors were also rare in these strains of rats when
given high doses ofN-alkyl-N-nitrosoureas continuously inthedrinkingwaterfortheirlife-span; however,
relatively high incidences of Sertoli cell tumors or Sertoli cell tumors mixed with granulosa cell tumors
were induced in Donryu rats after administration of either a 400 ppm N-ethyl-N-nitrosourea solution in
the drinking water for 4 weeks or as a single dose of 200 mgN-propyl-N-nitrosourea per kg body weight
by stomach tube. Typical Sertoli cell tumors consisted of solid areas showing tubular formation. The
tubuleswere linedbytall, columnarcells, withabundant, faintlyeosinophilic, oftenvacuolatedcytoplasm,
and basally oriented, round nuclei, resembling seminiferous tubules in the testes. In some cases, Sertoli
cell tumor elements were found mixed with areas of granulosa cells.
The induction of ovarian Sertoli cell tumors in Donryu rats by low doses of nitrosoureas may provide
a useful model for these tumors in man.
Introduction
There is a need for good animal models for human
ovarian tumors. Spontaneous ovarian tumors are rare
in rats, and there are few useful methods of experi-
mental induction of ovarian tumors in this species (1).
This paperdescribestheexperimentalinductionofovar-
ian Sertoli cell tumors by N-alkyl-N- nitrosoureas as a
potential animal model of human ovarian tumors.
Materials and Methods
Four strains (ACI/N, Slc:Wistar, F344/DuCrj, and
Donyru) of female rats were used for this study. The
housing conditions of the animals and occurrence of
spontaneous tumors in all strains except Donryu rats
have been described in previous papers (2-5).
Ten forms of N-alkyl-N-nitrosoureas were used in
these carcinogenicity studies: N-methyl-N-nitrosourea
(MNU); N-methyl-N'-acetyl-N-nitrosourea (Ac-MNU);
N-carboxymethyl-N-nitrosourea (CMNU); N-ethyl-N-
nitrosourea (ENU); N-propyl-N-nitrosourea (PNU); N-
butyl-N-nitrosourea (BNU); n-butyl-N',N'-dimethyl-N-
nitrosourea (DiM-BNU); N,N'-dibutyl-N-nitrosourea
(B-BNU); N-i-butyl-N-nitrosourea (i-BNU); and N-
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amyl-N-nitrosourea (ANU). Ten- to eleven-week-old
rats were administered solutions of these chemicals in
their drinking water for their life-span. The dose levels
used, with the exception of the experiment using low
doses of ENU in F344 rats, were the maximum dose
tolerated in each strain of rat. Detailed results have
been published previously (6-20).
Two additional experiments were carried out using
Donryu rats. In the first experiment, (Experiment 1),
forty 10-week-old rats were administered a 400 ppm
solution of ENU in the drinking water for 4 weeks. In
the second experiment (Experiment 2), 80 rats were
given a single dose of200 mg PNU per kg body weight
by stomach tube. After the treatment, the animals in
both experiments were divided into two subgroups.
One-halfofthe rats in each experiment were thenmain-
tained on a standard diet, and the other half were ad-
ministered a diet containing 0.25% phenylbutazone for
2 years. One hundred animals were also maintained as
untreated controls. Observations were continued until
week 110, when all survivors were sacrificed. The pur-
pose of these two experiments was to investigate the
promoting potential ofphenylbutazone in rats. A short
report has been published on these experiments (21).
Results
Spontaneous Ovarian Tumors
Eight ovarian tumors were seen in untreated rats.
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rats were 1/209 (0.5%), 3/100 (3%), 2/297 (0.7%), and 2/
96 (2.1%), respectively. Histologically, six ovarian tu-
mors were granulosa/theca cell tumors (Plates 1 and 2),
and the other two were fibromas.
Ovarian Tumors in Treated Rats
Table 1 summarizes incidences and types of ovarian
tumors in rats given N-alkyl-N-nitrosoureas continu-
ously inthe drinking waterfor alife-span and lists other
target organs. All these chemicals were strongly car-
cinogenic; the target organs differed withthe compound
and strain of rats used. Incidences of ovarian tumors,
however, were very low in all experiments; only a few
Sertoli cell tumors were observed in Donryu rats given
B-BNU or ANU, and in F344 rats given low doses of
ENU. Table 2 shows the incidences and histological
types ofovarian tumors observed in Donryu rats given
a 400 ppm ENU solution in the drinking water for 4
weeks (Experiment 1) or a single dose of200 mg PNU
per kg body weight by stomach tube (Experiment 2).
Inthis table, the numbers ofrats in each subgroup were
totaled within each experiment, because no modifying
activity of phenylbutazone for induction of ovarian tu-
mors was observed. Ovarian tumors were induced at
incidences ofabout 50% in both experiments. Mean sur-
vival times ofrats with ovarian tumors were 52.7weeks
in Experiment 1 and 78.6 weeks in Experiment 2. In
contrast, only two tumors were found in 96 untreated
control rats, and the mean survival time oftumor-bear-
ing animals was 109.5 weeks. Many other neoplasms,
such as tumors ofthe uterus, kidney, mammary gland,
and intestine, and leukemias were also observed in both
experiments.
The majority ofthe induced ovarian tumors were uni-
lateral. Tumors were round, oval or irregular in shape,
and of various sizes. Their cut surfaces were usually
solid, although occasional cyst formation and areas of
hemorrhage were evident. On histological examination,
most of the ovarian tumors induced were found to be
Sertoli cell tumors which consisted of solid areas of tu-
bular formation. The tubules were lined by tall, col-
umnar cells, with abundant, faintly eosinophilic, often
vacuolated cytoplasm and basally oriented, round nu-
clei. These tubules were separatedbythinfibrovascular
stroma and resembled seminiferous tubules inthe testis
(Plates 5-10). There was variation in the size and form
ofthe tubules. In some cases, hyaline bodies ofvarying
sizes, which were positive for PAS, were observed in
the cytoplasm of tumor cells or in the lumen oftubules
(Plate 11). Mitotic figures were usually rare. No his-
tological findings suggesting that these tubules had ar-
isen from downgrowth of the surface epithelium were
found in any case. In cases diagnosed as Sertoli cell
tumors mixed with granulosa cell tumors, histological
patterns ranging from typical tubular structures to
those more characteristic ofgranulosa cell tumors were
observed within single tumor nodules, and differentiat-
ing between Sertoli cell tumors, granulosa cell tumors,
and mixed tumors was sometimes difficult (Plates 12-
Table 1. Target organs, incidences, and types of ovarian tumors in rats given N-alkyl-N-nitrosoureas continuously in the drinking
water.
NO
R1-N-C-R2
II
0 Incidencesb and
types of ovarian
Chemicals R1 R2 Strains of rats Dosea, ppm Target organs tumors
MNU CH3 NH2 Donryu 400-100 Nervous system forestomach 0/96
F344 200-100 Nervous system tongue, glandular 0/79
stomach
ACI/N 200 Nervous system kidney, heart 0/33
Ac-MNU CH3 NH-COCH3 ACI/N 66-13 Nervous system glandular stomach 0/90
CMNU CH2COOH NH2 Donryu 400-100 Small intestine, mammary gland 1/112 (fibroma)
ENU C2H5 NH2 Donryu 400-100 Bone marrow 0/104
F344 400 Small intestine 0/40
F344 10-0.3 Nervous system intestine 2/203 (2 Sertoli)
PNU n-C3H7 NH2 Donryu 600-150 Bone marrow 1/109
(fibrosarcoma)
F344 400 Thymus, small intestine 0/39
BNU n-C4H9 NH2 Donryu 400-100 Bone marrow 0/54
F344 400 Upper digestive tract 0/39
DiM-BNU n-C4Hg N(CH3)2 Donryu 400-100 Bone marrow, vagina 0/100
i-BNU i-C4Hq NH2 Donryu 400-100 Small intestine 0/77
B-BNU n-C4H9 NH n-C4H9 Donryu 400-100 Mammary gland 3/69 (3 Sertoli)
ANU n-C5H1j NH2 Donryu 400-100 Forestomach, bone marrow 4/101 (3 Sertoli, 1
fibroma)
aIn all experiments, rats were administered solutions of these chemicals daily in their drinking water for the life-spans.
bNumber of rats with ovarian tumors/number of rats treated.
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Table 2. Incidences and histological types of ovarian tumors induced in Donryu rats given ENU or PNU, and mean survival times of
rats with ovarian tumors.
Experiment Number of Ovarian tumors
number Treatment rats Incidencea Histological types Mean survival time, weeks
1 400 ppm ENU in the drink- 33 16 (2)b (48.5%) 11 Sertoli 52.7 (46_74)d
ing water for 4 weeks 5 Sertoli + granulosac
2 granulosa
2 Single 200 mg PNU/kg 76 39 (6)b (51.3%) 20 Sertoli 78.6 (61-109)
body weight by stomach 15 Sertoli + granulosa
tube 8 granulosa
1 osteosarcoma
1 fibroma
Control 96 2 (2.1%) 2 granulosa 109.5 (109-110)
aNumbers ofrats with tumors.
bNumbers ofrats with bilateral ovarian tumors.
cGranulosa includes granulosa and granulosa/theca cell tumors.
dNumbers in parentheses are ranges of survival time.
15). In most tumors, proliferation of Leydig-cell or
theca-cell elements was not apparent.
Discussion
Generally, spontaneous ovarian tumors are uncom-
mon in rats (1). Ofthe few spontaneous ovarian tumors
arising in F344 rats, the most common type was gran-
ulosaltheca celltumors (22,23). Ourresultswereingood
agreement with the findings in other laboratories. Re-
cently, however, Gregson et al. (24) reported that the
most commonly observed ovarian tumors in Sprague-
Dawleyrats were tubular adenomas arisingfrom down-
growth of the surface epithelium. The occurrence of
tubular structures in ovarian tumors of rats and mice
is well documented (1, 25-29); however, the classifica-
tion and nomenclature of tubular adenomas in experi-
mental animals is complicated and controversial. Tu-
bularadenomasofmicearegenerallyaccepted asarising
from downgrowth of the surface epithelium (28). It is
possible that Sertoli cell tumors, which are sex cord
tumors, may havebeenincludedinthetubularadenoma
category reported by others because tubular structures
resemblingseminiferous tubules were apparentin some
reported cases.
Methods such as transplantation of the ovary, hor-
monal treatment, irradiation, or administration of
chemical carcinogens have been used in attempts to in-
duce ovarian tumors in rats. For example, granulosa-
theca cell tumors can be induced in rats by the trans-
plantation ofthe ovary to various ectopic sites such as
the spleen (30) and also by intrasplenic transplantation
ofthe ovary coupled with 7,12-dimethylbenzanthracene
(DMBA) treatment (31). Granulosa/theca cell tumors
appear to be hormonally active, because in rats with
these tumors, hyperplastic proliferation of the uterus,
vagina, or mammary gland is observed.
There is little direct evidence that hormones are re-
sponsible fortheinduction oftumors. Thereis also little
experimental evidence that ovarian tumors can be in-
duced in rats by irradiation, although this is the oldest
and most effective method for induction of ovarian tu-
mors in mice (32). Polycycic hydrocarbons such as
DMBA and 3-methylcholanthrene have mainly been
usedforchemicalinduction ofovariantumors. Although
they result in good tumor yields in mice, there are only
a few reports of success in rats. In one report, Kato et
al. (33) succeeded in inducing ovarian tumors in rats by
treatment with DMBA. Most of these DMBA-induced
tumors were adenocarcinomas that were considered to
originate from the surface epithelium (Plate 16), sug-
gesting a useful experimental model for human ovarian
carcinomas. Sertoli cell tumors of the ovary are quite
rare both in human beings and rats, and there has been
no previous report oftheir successful high yield, other
than the recent report by Stoica et al. (34). Our study
suggests a useful experimental animal model for Sertoli
cell tumors.
In several ovarian tumors observed in the present
study, histologicalpatternsrangingfromtypicaltubular
structures to those more characteristic ofgranulosacell
tumorswereobservedwithinsingletumornodules. Ser-
tolicelldifferentiationhasbeenseeninmousegranulosa
cell tumors (28), and Knowles (35) also described mix-
tures of both elements in rat ovarian tumors induced
by ENU coupled with radiation treatment. There is a
degree ofarchitectural and cytological overlap between
these two neoplasms in human beings (36). Mixed tu-
mors observed inthe present studyindicatethat Sertoli
andgranulosacellelementsarehomologous, withacom-
mon origin from the sex cord.
Recently, Knowles (35,37) reported low incidences of
ovarian tumors, which showed tubular formation and
were interpreted as of Sertoli cell type, in Harwell
Mouth Tumor rats given ENU together with radiation.
Stoica et al. (34) also reported induction of Sertoli cell
tumors ofthe ovaryofSprague-Dawley and BD-IVrats
by intraperitoneal on transplacental treatment with
ENU. These data and our present results show conclu-
sively that such nitrosoureas as ENU and PNU can
induce Sertoli cell tumors in some strains of rats. In-
cidences of ovarian tumors were very low when high
doses of these nitrosoureas were given to rats in the
drinking water for a life-span (Table 1). High doses of
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N-nitrosocompoundsshowapronouncedorganotropism
in rats. Development of other tumors such as ovarian
tumors is masked by the elimination ofanimals early in
the study because of selective induction of specific tu-
mors with short latent periods. For example, as shown
in Table 1, continuous oral administration of ENU at
doses of400 to 100 ppm rapidly and selectively induced
erythroleukemias in Donryu rats, and no ovarian tu-
mors were detected in a total of 104 treated rats (12).
The fact that the amounts ofthe chemicals given in the
present two experiments described in this paper were
low might explain the high rate ofinduction ofovarian
tumors. Another important factor may be variation in
susceptibility ofdifferent strains ofrats. Only two Ser-
toli cell tumors were found in a total of 203 F344 rats
given low doses of ENU (9), (Table 1). Schmahl and
Habs (38) reported that the location oftumors induced
byN-nitroso compounds depends not only on the chem-
ical structure ofindividual carcinogens, but also on the
administration route, strains of rats used, or dose of
the compounds. Our results are consistent with their
opinion.
The possible hormonal function ofSertoli cell tumors
observed in the present study is still uncertain and is
the focus of ongoing research in our laboratory.
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PLATE 1. Granulosa/theca cell tumor. Folliclelike areas composed
ofgranulosa cells are surrounded byelongated fibroblastlike theca
cells. H&E. Bar = 100 lm.
PLATE 3. Granulosa cell tumor. Vacant areas are visible within fol-
liclelike areas. H&E. Bar = 50 ,um.
PLATE 2. Silver staining ofgranulosaltheca cell tumor. Dense per-
icellular arrangement of reticulin fibers is prominent in the area
comprising theca cell elements, while fibers are observed as a
delicate network enclosing clumps oftumor cells in granulosa cell
element. Bar = 100 ,um.
PLATE 4. Granulosa cell tumor. Tumorcells are arranged inpseudo-
palisading pattern around the vessels. H&E. Bar = 50 Rm.
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PLATE 5. Typical Sertoli cell tumor. Tubular structures separated
bythinfibrovascular stromaareprominent. H&E. Bar = 100 SLm.
PLATE 7. Sertoli cell tumor. Tubules are lined by tall, columnar
cells, with abundant, vacuolated cytoplasm and basally oriented,
round nuclei. H&E. Bar = 100 ,um.
PLATE 6. Sertoli cell tumor. Tubular structures consist of spindle-
like tumor cells with randomly oriented nuclei. H&E. Bar = 100
,um.
PLATE 8. Sertoli cell tumor. H&E. Bar = 50 ,um.
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PLATE 9. Higher magnification of Plate 8. No mitotic figures are
evident. H&E. Bar = 50 ,m.
I~~~~~~~~~~~~~~~~~~~~~~~~I
PLATE 11. Sertoli cell tumor. Various sized eosinophilic bodies are
observed in the lumina oftubules. H&E. Bar = 50 ,um.
PLATE 10. Sertoli cell tumor with less evident tubular structure
than seen in Plates 5-9. The large tubule in the center seems to
have beenformed byproliferation oftumorcellswithinvagination
ofthe surrounding basement membrane. H&E. Bar = 50 ,um.
PLATE 12. Granulosa cell tumor differentiating to Sertoli cell type.
Tubular structure is less evident and vacant areas are found in
the center offolliclelike areas. H&E. Bar = 50 ,um.
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PLATE 13. Another example ofgranulosa cell tumor differentiating
to Sertoli cell type. Tubular structure is also less evident, but
some areas resemble seminiferous tubules. H&E. Bar = 50 ,m.
PLATE 14. Sertolicelltumormixedwithgranulosacelltumor. H&E.
Bar = 100 lm.
PLATE 15. Another example of tumor with both elements. H&E. PLATE 16. Adenocarcinoma of the ovary observed in rats treated
Bar = 100 ,um. with DMBA (photograph supplied by Dr. Kato, Kurume Medical
College, Kurume, Japan). H&E. Bar = 50 ,um.
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